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. PREFACE

“ .-

The CALM TV Graph1cs Interface providesda ‘low cost means of

produc1ﬁg qua11ty graph1cs oﬂban ord1nary TV.  This documentat1on pro-

v

vides all the information needed toco;;}ruct this interface and inter-
computer. One particu1ar hard-

face it to standard outbut ports on an
ware configurat#on is 111ustrated with the T?/1nterface and is connected

<0 anJS-1OQ based 'Z-80 system. Assemb]y level listings of ut111ty soft-

ware'areqavai1ab1e in a comparison report: "Low Cost Graphics Software."
Educators 1nterested in building this 1nterface can obtain the

: g

three printed c1rqut boards from our off1ces at cost. The intefrated

c1rcu1ts re%u1red in the 1nterface can be obta1ned from. standard sup-

-pliers for under/$/00 We Wou1d be pleased to aﬂs1st educators that need

e

he]p in construct1ng or 1nterfac1ng graph1cs harﬂware
3

. .The resu]ts reported hereln were partly supgorted by‘Jhmyuat1ona1
Sc1ence Foundation. Any op1n}ons, f1nd1ngs, conc]us1ons or recommendat1ons
| exbressed in this pub11cat1on are those of the author and do not necessar-
i]y ref[ect the-views‘of the Nat1ona1 Science Foundatioh, nor the Techpical

v

. TP - .
Education Research Centers, Inc. N L ,

‘ | | f
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 TABLE T
CALM TV GRAPHICS INTERFACE

C M, . .
| . .. SPECIFICATIONS | g
| Resolution: ' - 256 x 256 dot.raster .
-Access|time: 1.7 psec to altef or read two dots‘ A
Erase:‘ . ' ' Single instfu?t1on erases screen to light
\F’ : or dark in 17 ms -
Refresh Memory: Built-in 8K bytes stét1c RAM
& Input: v - 19 TTL ‘-'compatigb*]e lines
Power: - - 5V at2.2A -
Video Oﬁtpqt: - ) Compos1te video. “ Non interlac q$ Separatg
: S~ data, blank and sync Tines ar SO ava11ab1e.,
' Output to Computer: " 16 three state TTL T1nes indicating the. 11ght
o .pen 1ocat1on 6 TTL statui lines. . .
Alphanumerics: Software generated: Z-80 programs available

that write at 1200 baud.: 24 Tines of 40

‘. \\\\: " characteérs.

:Scroll: ' Hardware scro11 up or down, one line at a
’ ) _t1me w1th wraparound Y’ :

e

N .
v . .4
° U {
4 1
- ! 7
y . T . . N ¥ '\_!
).,v - - .




\

)

The CALM TV G\pmcs Interf'acera \

I\ %

/« C e ' S | - J '
INTRODUCTION N _ ' S ' y i
The CALM TV graphics 1nterface permnms the output of data in graph1c, N

* ! I‘

. as we]] as a1phanumer1c form,fon a common househo]d TV and the input of
data from the face: of the TV us1ng a 11ght pen With the appropr1atevl' ’ .
h software Support, this interface can serVeIas the only input/outpot\deVice o
AV required\for a sma]i computer system o - i
The CALM 1nterface was des1gned’for educatlom; a]though its features
make 1t usefu] \? a wide range of“:§p11cat1ons For educat1on app1tcat‘dns
it was felt abso]utely,necessary to be able to have graph1cs capab111ty at .

A

! ‘,the 1owest poss1b1e price. The low cost and ready_ava11ab111ty~of home
fV's made that a natural choice far ah output medium | §ince 98% of all J‘
househo]ds Ain the Un1ted States own a TV this ch91ce opens the possipili--
ties of cont1nu1ng educat1on ahd home study us1ng Somputer ass1sted in-

- struction. ‘;' , | ) . ‘ S,

Once the choice was made to <}111ze a home TV, the reso]ut1on of the
system was rather'wel} de?1ned For various techn1ca1 reasors ( bandW1dth

-

. 11m1tat1on in the IF stage and 1nterface circuit difficulties), the actua]
4

reso]ut1on of most home ™'s corresponds to between 200 and 300 dots in

bothsthe vertical and horizontal d1rect1ons Because 256 is a very con- .

en1ent‘number (1t is 8 bits or 2 hexadec1ma1 digits) we dec1ded to d1v1de

-screen into a matr1x w1th 256 dots in both the(vert1ca1 and hor1zonta1)
directions. A T -
.~,\.—’f \ ) ' te - e [N
Jf"l.' The TV 1h§erface has a memory cell ded1cated to each of the 2562

poss1b1e dots od the surface of the TV. Each cell nemembers-whether al
" . t

or-a 0 (correspond1ng to.a 11ght spot or a dark spot) should be displayed

.- at: the correspond1ng 1ocat1on on the surface,oquhe TV. The <dnterface has
— . N ;

A -



/ / [ ) - oA
. .

* the capabi]ity'kf examining or altering the'contents ?{ any one pf these,

memory cells. With this capab111ty, any pattern incl ding letters and

.ugraphs, can be wr1tten on the surface of the TV, — ' WQE 37;\.
\ * . v .
tight Pen Operation e d ) . ot A ’
B 5’/ T Lo ) ,\_-
_The contents of the mefmory in the interface is continually and auto-

mat1ca11y being transferred to the TV so that a cont1nudus 1mage is ob-

—————

served on the TV. As w1th\?ny TV picture, the 1mage is written one dot
at\a tHne, start1ng int qé//per 1eft hand, cgrner and wr1t1ng 1eft to r1ght

one line at a t1me, rom the top to the b tom of the screen While this

happens quite quickly on a human time scald, "it is moderate]y's1ow for

!

modern compyter\circﬁitry Thus when a light- ~sensitive e]ement at ‘the tip i

of the 11ght pen senses the prox1m1ty of the e]ectron beam on the face. of ,f

 the TV, it 1nterrogates the 1nterface to determ1ne the addresg of the ce]] BAY
‘ I

f

“

then being written. Th1s address is the coordinate of that point and is
. . o/

, made avai]aTbe'as an output from. the 1nterface. In this wéy,_the‘computer

can determ1ne the coordlnate of the 13 cation of the light pen-and aéé that

- o . - "
.1nformat1on as inplt- data‘\ ST T ~a eI .
_ . , . /
\_UQ ’ l\ . P . . . A T /"
) . v / . . . v ) ) //,/
' jhput Techniques ' : . ’ § 7 .
We plan to use the 11ght pen as an extremely ver at11e 1nput med1um,

us1ng the techn1que of "menu se]ect1on " In this techn1que, the computer» -;

d1sp1axs two or more cho1ces for the operator to make and the student/

,
R \~/ /(.)

operayor responds by pb1nt1ng at the des1red choice w1th a 11ght pen. The
/ '

power of the 11ghf\pen-TV comb1nat1on can be seen through the fo]]owingh
- ) - 3 " . v . y . s - . .
N - , / o e
examples: . o . /. ' -
.1\.;' ‘szegpjter“mode. It is poss1b1e to d1sp1ay the 1etters of the alpha-.

Y
' bet and control characters onythe screen and then use-the Tight pen'to’
X ~ L. . " - . .,‘ ! . '




i.

top of the screen-to create.,an: a]phanumer1q message W 11e this procedure

.
w may/not be qu1te as fast as a typewr1ter keyboard, student seldop can

¢ ons when fast - .

‘ typing s important in instructfonal uses”of the computer. This mode. dup-

1Y

' o hd ‘ S . .
S type quickly and, even-when they can,. there are few appli

— -

110Ites the funct1on of a keyboard and hence makes it unnecessary to have

a Speé1aT keyboard. ' : ; " :,
"Test adm1nnstrat1on It is poss1b1e tb display-a Wultiple- choicet

o

=, .

answer_w1th ] ght pen We. have des1gned an entir system for computer

Aiction using th1s mode whicH, becalse of\the Tow termnna] cost

\\ J «

€ss expensive than any other way of g1v1ng a 1arge nTmber of stu-
e A

< < managed inst

f is mu
- Ve

~
L}

dents a 1arge number of different tests

’

Ana1og mode. It 1s poss1b1e to draw on the face of the TVLdne or ;\>

v

more dials, which-tan p "rotated", by the 11ght pen and used as ana]og . »

s
™. Y
k&1nput to the cemputer. Beltter st111,.a 11near poten\\ometeré%andﬁe sqmu-

lated ‘in the 'same mammer:
gamjng.that require analog 1nput. Again, there is a tremendous cost

. saving because each new simulation or game does not require a special piece .

- . - N
o . AN N 4 : -

of hardWare for an input.” | " o o
= | - . ; \\V ) \l _ll‘ \ < . L.
INSTRUCTIONS\AND use -»- . L ' T - ‘ ..

> The TV graph1cs 1nterface commun1cates with thé host computer throu%h
.16 1nput 1ines, .16 output 11nes and 11 other contro] 11nes The 16 11nes
xrom the 1nterface 1510 the computer g1ve the X and Y loord1nates ?f
the 11c + pehi when\the students\des1re to s1gn 1 the compute\ that thg :
11ght pen is,located at the des1red position, us/He presses a button wh1ch 2}’

forces BUTTO& 1ow. ' ' - ' ' vy ST N - |




et < -
. ) ) LR ‘ o ' ’

~ -~ L4 R,

W ,lThe computer can then read the coord1nates of the pen from thése 16 11nes \

‘-- p The computer comm n1qates.w1th the TV graph1cs 1nterface through 16 .T\'
d ddta 1in és These‘11nes have four p0551b1e interpretations: §‘~ '
11. \Thf; can simply 1nstruct the graph1cs term1na1 to'clear e . ,
;p R everyuﬁne of the b1ts, whlch wou]dﬂresu]t in a tota’]y_<:g:j3
o 1'b1ack screen . ‘ . L : AN\
2. They can 1nstruct the wnterface to set everyone.of the | l »
" 7_. " J bits, re§D1t1ng ina tota11y wh1te screen. o . o o
Y ‘They can tell the- interface that the next word on these i? o
. 16 1nput 13"95 represents the new(} and-Y coord1nates of ‘ﬁ 1{ 4

~an interna] cursor.

./ fhey can be used to instruct the graphids 1nterface ter
0
craw]" as def1ned be]ow .

P

rawl" 1nstruct1on.turns out: to be the dﬁe most pftén used. To

operation you have to rea11ze that ther | cursor.in the,

) Wnterface wh1ch remembers the address (X and Y coordin ne of- the 7/

o"

.dots on the surface of tHe TV; A. s1€gle 8 b1t craw 1nstruct1mn causes two”

Y “w

| th1ngs to happen ‘first,_the 1nterfaée _may, but d S not have to, .set or E '

”»

' J .-
the 8 adjacent dots. S1nce the craw] 1nstruct1on re- y -

-

c]ear the bit at he Tocatton ofpthe cursor//and t en second]y, the cursor
"is moved to one gf

quires only 8 ths, two crawl 1nstruct1ons can be 1oaded into the 1nterface
\

simultaheolisly- over -the 16 lines. .. BQ“% craw] 1nstruct1ons are executed

) v m1crosecend S0 that the 1nterfaéé/1s ava11a1be to accept the next :
1nput as? quickly as the computer can generate it. o L a e

A

The contents of the memoryf1n the 1nterface can be- accessed with .the.

4 crawl ‘"StVUCtTON by HOB’wr1t1ng any new 1nformat1on in Memory When not \
Y wr1t1ng, the contents of the memory ce]]s at the two 1ocat1ons of the ihrsor 4
/‘ ; ¢ 4 ' ( - ~

I - N ‘g . ‘ A . N : ‘.
< N "~ o N
N . 4 o) ?4:7 .
» ( i\ . 81 O » t o A ’

! e b ) -




® , - . ' \ :
.

- at the ‘end of each’ of the two craw] 1nstruct1ons 1s)ava11ab1e.on two |

4 . . -

T

add1t1ona1 output 1hpes\from the TV 1nterface. e DA e

L

2.

e Thh reader w111 note that there 1s no provls1on for the automat1c

P generation of characters 1p”he 1nterface K?] such generat1bn must be -

. ' done under software contro] We have wr1tten programs for the LSIJ] andp

/
Poa—

he 7-80 that will generate characters from an ASCII 1nput e

[ .
!

The dec1s1on to d1spense W1th a hardware character generator, ref]Ects
] oo
the pr1mary des1gn ph 1osophy of extreme 1ow cost In order to keep the cost

-
«

down,_ whenever there as a cho1ce of accomp]1sh1ng a part1cu1ar_funct1onlw1th '~7
\

'hardware or softwa the dec1s1on Was made to e11m1nate the hardware.. This

has the added ben 1t of g1v1n3 the system 1ncreased f]ex1b1]f\¥ ‘ <.
i Ihe f1na1 featuré\of the/nnterface i§ its ab111ty to "scro]] " As part
- of the craw] 1nstruct1on,i1f/1s poss1b1e for the ent1re contents of the .

Kscreen to move up or downwone 11ne When scro]11ng, the tgpmgst‘11ne re-', N
o hE
appears at the bottom ; If this” 11ne is then earsed, an effect similar to .-

v Y .
- ' thé ro]]ing of a p1aten on a typewr1ter to expose freas papér can Be obtained. é\

}\« . IRJ J : \
INPUT/OUTPUT LI ES . .
The fo1' ;ng sect\on -deschibes - all the e]ectr1ca1 11nes§between the TV

- . e W~

\%Xg” 1qﬁerface and)the host computer The maJor 11nes cons1st of lﬁ data 11nes

DO Bye 1nto the 1nterfag;\and 19 Tines - PO P]S from the 1nterface that re-‘_-

fLect ‘the 119ht‘p$n_cdord1nates. Other 1ines cogtro]ythe 1nterface_or its

-

. . - | v _ s e
7 teatcess to the computer. '

) . . I o o ° O R« i "~y 9

T ) o T ' 3 o |

P ‘ K s ;

. . R - . “ L
: A 0 " LA :
~ e




e ) , 3 . . .

I. 'INPUT.DATA D Dy

0 ‘ .
AR tnhnt data nond DO-D]S "; . - . - .v .\f[' ‘._  N .
Lo op'code . crawl2 scroll 7 crawl
o5 a4 13 12 10009 87 6 5 43 2.1 0!
. ‘-¥ N } H Y. / \_‘J} . -~ s 1‘__‘/'
MSB P cory address' . MSB ‘ "X addrea:
v S : : Figune T..eInput data word.f"
{ b '3 ¢ o : ) -
SL/{,If 015 = 00 then the 1nterface is in "crawl” mode and the

83

rema1n1ng bits have the fo]]ow1ng 51§an+e€n;e in the order pré:

"
. o 7

. sentgd N |
. e Scroll. if D6 *s set, the screen 1s scro]]ed uncpne 11ne 1f !~'
)- o ' 7 1f' set the screen 1s scroﬂed down one 11ne g\ ' 'V‘
. v i . ‘ e T

- 2. Craw1].th1s causes aﬂnr1te ‘a read then a move.

o R R a) Write - at’ the or1g1na1 cursor 1ocat1on, if memory 'is
e U . ‘to’be’changed (i.e., light or dark displayed) then D5
' R shou]d be set to one to enable,a memory change and

. ¥ " D, should indicate’ the pew dot intensity where 1 = set

o fg” Lgppos1te of background) or-0 = c]eara(same as back4
/} o ground) _ _ I
". ' .
Méﬁ_ : b) fRead(Q the contents of the cell addressed by the currentﬂ
e . cursor va]ue is read and bt-ought out 1hverted on BQ '

b - "h‘ . N
. .c) Move - the cursor is re t mo ved one e1ement in any com-
, . pass d1rect1on after writing by incrementing or decrementing ’

- each byte separately. its D0 D3 indicate d1rett1on ol

. g’f .o Dy 1nd1cates west,%«fé., 1eft3y . ' o tf‘?{;ft';z' ’

I N ' v N . : -
e’s, - . Dy 1nd1cate' east (i.e., righth>™ e T
, : . B T (Unpred1ctab1e if
NN . . b, indicates south (i.e.,;down)‘ used together) = ---
" g ' . Lt . .‘} - o
SR SN N
g ' D3,1nd1cates north (i.e., up) | , ! )
‘ or.D; (but not both) can be sed w1th D, -or D -
But not both AN {% 2= - 3

® .

10 T




o

3.7.If D8~, D]3have'the same significance‘as{DO --;95 to
! _

: ) . create a second craw] 1nstruct1on . : {yf

14

The crawl ¢ommand structure is summar1zed in Figure 2.

- », Summary of crawl op code: v - . ' .
151413 12 11 10 9 '8 7. 6 5 4 3 2
- | Enable Wite | ] . Scrol1 | Scroll'| Enable | Write ’

{ 010 12 . I/0 N ﬂS 1.E W up Dwn 4 I/0 [N | S
- o T L — .-
,~__-»—j*”"~6;;w12 , ; Crawl,

' - Fiqufe 2. Cra@l command word.
B.- If DTé Dyg = 01 a]J,other bits afe ignored and the screen is’seg to
all 1's (Tight). A busy. signal % set = 0 while this. happens. The
background is now: 1 (1ight) so that-norma1jcraw1€hg.jnstructions with
.- bits 13 and 12 set cause black on wﬁ%te patterns.
c. If D15 and D14 = 10 all other bits are ignored and the screen is set to
al 0'§ (bﬂahk). A busy signé] is set = 0 while this Héppeﬁ§.- Back-
) ground is set to 0 (dafk) and white on black graphics can be Qénerated.
D.- if D]5 14 " 11 all other bits arg 1gnored and the next signal on
D]5 7-.Q0 indicates the new cursor address to be loaded into the
graphics_uﬁitL ‘No read or write is performed at the new location with
this 1nstruct1on Aﬂsubéequént crawl instrdct?on can write at this
1ocat1on before mov1ng to the next location. Thé bﬁ:zgn of £he X-Y
corrd1nates is in the 1ower left corner of the addressab]e screen. TThel

X goorddnate is in D0 -- D7 with D7 the MSB. The Y coord1nate is .in

. )

Og 15 With Dyg the MSD.




EXAMPLES

s

° . Figure 3.

/ .~ ..._ K ‘_'\’.

'.Figure 3. A

LA

1. To draw a diamond centered at X = 128, Y = 128 that looks like -

v

. 128, ‘128 Final
_ position
.~ . Center Screen

jamond battern

. d
Go to 127, 128 llxxxxxx|xxxxxxx
. ' 10000000/0111111
i " Writeal _
. ~ Crawl NE 0011011000111010
\ Write a 1 -
Crawl’ SE . )
» Write \\ . . ' : o
Crawl 3 0011100000110101.
Write a 1 ' - ‘ T

Crayl N

in 16,201

Examine &.don't
move

Write ﬁi and move
N, Examine 16,201

2. Go to 169> 2004, change its contents and examine the bit

 }
L

(-
O
o N
e
o.X
OMN
O K

XXXXXXXX
00010000

-

¢

00000000]00000000O0

_ , inverted -
00000000/001B8/0000 contents of
' ’ ¢ 16,201 are on B

2



II. OTHER SIGNALS

-

A. DATA VALID. A positive transition on this input to the graphics
unit indkates that'the,inputidata on DO-D].5 is vq%Td. The inter-H

face wi11*ohPy then read these dg;a and perform the indicated

.operation._

- VSYNC. Active 1ow'si§nal indiéat;ng that fﬁe.TV i§°notiwé{tin§
" because it i; bétweén picture'séahs. The@crawl cbﬁmandlresu1ts
in ones Sr zeroes appearing bn the screer while memory is being
f.i_: chahged.‘-fhe.interface remembefs whether the TV was last cleared ‘
ﬁé 075'(015014‘? 10) or to 1's (015014"; 01):' TB»disrupt ther
' piéture asflittle as possible, this vaiué 15 written‘out durihg
the crawl write cycle. If even this d{sruption is undesirable,
crgﬁ]s should bg”pérformed only when SYNC is low indjcating that
fhe,TV is ?1anked. | |
C. .EUEV: This's{gna1 is iero while the Screen is'beinchTeared to-
'ééroés;ok ones. No DATA VALID signal will be accepted ‘while this
15.10;. | | | | '
- D. E], 52.' Two'bfﬁs which are set to the inverse of tﬁe contents of the
, écreen locations reached at the end of each of'the‘two crawl in-. J
structions. - - o
E. Py-Pyg. Sixteen bit word giving the Tast X-Y address of the Tight
pen. The fofmat is the same as the input address, ie., X is in -
‘. Po-P; With P the MsB and Yl;s in Pg-Pyg with P, fhé‘ﬁSB. This

output is valid except for 30nsec while being updated. No update

\f ’isopOSSible while SYNC is low. These outputs dre three-state

and are enabled one byte'at a time using PXEN ahd,PYEN. .

[ 4
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F. PXEN, PYEN. Active low inputs that enable Py-P7(X) and

P8-P]5‘ (Y) respectiyely.

6. PEN HIT. This line goes.low when the 1ight pen senses the '

electron beam.

CIRCUIT OPERATION

A s1mp11f1ed b]ock diagram is shown in F1gure 4 deta11ed schemat1cs

4 .
°

are shown in F1gure 5.

The‘interface control mechanism spends most of its time addressing
.the 8K bytes of RAM'tb obtain the yideo fnforﬁation for the screen: Eight
bits are puf]ed out every'1:33 m?croseconds and 1oaded into an 8 bit :

shift register IC 1. The data is then shifted out of this register at

- 6‘MHz, formed into dots, b]anked'if necesSary,‘inverted if the background'

bit is set, and then added to the sync signals at the output of IC 21. |

‘4'(

;1.'

The Tow 5 b1ts of the memory address are der1ved from the hor1zonta] count-

ing circuit consisting of the three 74161 S ICs 11 through 13. The . 6 MHz .

s1gna1 is first divided by 8 at IC 13 to create the 1oad 1og1c every e1ghth
bit. This is then dlggded by 47 to generate the.horizontal f]yback and
b]ank1ng 1og1c The two counters, IC 11 and 12 accomp11sh this d1v1s1on
-The 1og1c presets the counter to -47., Dur1ng counts -39 and -38 the hor1-'

p
zonta] sync s1gna1 is generated and the screen is blanked for a count below

’

-32.

The remaining address 1s der1ved from the vert1caT counter/wﬁ1 h

~d1v1de$ the hor1zonta1 sync signal by 266 1n the 3 counters IC 35,36, 'and

37. The resu1t1ng output pu]se 1s at 59 99 Hz, suff1c1ent1y.gear ‘the
11neIfrequency to g1ve negk§g1b1e interferer ice. The ten- counts aBove 256
generate the vert1ca1 sync signal and add1t1ona1 b]ank1ng The 8 bits of

vert1ca1 addresg that are generated in this count1ng cha1n are added to a

i g a
[

| / . 1.514 . ,

ol



y _ v_l, vsync - @
I.ﬂan"k .38 39 . s Nsync and blank-
‘ . E \, . :
oL [ e s X T
) p
video ~— P
‘ t, '
R ‘ sical address
: ! 8 bit }_‘¥ . 1193| scroll
- ;Sh}fzﬁﬂ_ o register
. , 1 ( : " le—odnc
h S e—— dec
o ——,48— data outfrom . ’
T ‘each tower | .
~ Y ) .w\‘ B o 'y
- _ A5 F 202 —_—
. —select I address - -pelect  de-[=) B
. o J’ ‘—" code £=3 2102 enable
’ , ] 3 — 1ines
. i — -6 b1t ‘—f- A_
. ’ . » homz’ :: vert: ursor )
— T L
inc dec J inc dec 16 computer
- " load addr
4 _——L__ . ) ,"
. = NI
. 7, = ) r/wlines’ - T g L *
- = 2102 " I
Ly = - 16
1 ,‘_*\
_Figure 4. TV Interface Block Diagram “u )
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scroll register which contains an arbitrary number which 1s incremented
or decremented when each scroll instruction is execut d.

. The ™ 1nterface includes a hardiware cursor which contains the address
of one bit that- may be modified or read.* The address that is given to (

the RAMs can be,derived Q&:mmeither this cursor. or from thz/counting chain

w
\,.

as determined by'theﬂset.o_ uitip]exers IC 6, 7, 30, and The cursor .

resides in IC's 3,4, 25vand 26’ The multiplexing of the vertical address

- .is done before the scroll register 1s added, so that the cursor.is only

addressing a physical 1ine number under which a pattern may be scrolled.
The cursor can read into an individual bit by enabiing on]y one of the 8
read lines se]ected by the lowest three bits of the cursor address ~This

decoding is done in_IC 10. When,the scréeen is cleared all the read/write

1ines are activated so that the screen can be cleared on one sweep (1/60.

. bf/amsecond).

o The:ccmputer'command word 1is strobed in through IC 47 which synchro-,

nizes'the:data valid line to the internal ciock.“fQ 48 selects which of

the%four.bossibie commands are going to be.execotedv If it\isha crawl

‘command the shift register, IC 44‘ is used to sequence the operations

that can be performed in a single craw command The se]ectors’TC 52 and 46

se]ect which ha]f of the sixteen bit command word is-being utiiized The

latech pair in- IC 49 is used when the 51xteen bit command word 1s to be

interpreted asuthe'absoiute address of the corsor and activates the

- broadside 1oad‘of“the cdrsor'counters, IC 3, 4, 25 and 26. Crawl commands

'simpiy increment or decrement.these counters‘and are timed;by IC 40. |
The iight pen generates a sionai when the e1ectron‘beam passes under

W

a photo_diode; This is shaped into’a TTL signai'and‘is uséd to latch ICs

“



F\\\ \;BT T7N\ 41 and 42. IC 41 and 42 are simply tri-state latches that
grab t;:\Ve\tjca1 position of the‘electron beam when the Tight pen
~ circuit hits. ICs 16,and\\7 are_tri- state latched counters that
)perform a similar function. However, the output of the counting chain
(ICS 11, 12 and 13) are not exactly the horizontal address. The 8554's,
(ICs 16 and 17)do count the horizontal address and 1atch it when the pen
hit 1ine‘goes Tow. . L L }

The memory is organized into an eight by eight matrix by the\8 chip
enabie 1ines-and the 8 read/write lines. - Data in and address lines are
Conmon to all chips. There are 8'data-out lines which parallel the
read/write lines and connect back to banks of 8 RAMS, only one of which is'
enabled‘by the chip'enaole'signal.” The Tow 3 bits-ofithe~data address'
are decoded to enable one of 8 blocks of 8 memory ohips. Inexpensjve

1TMHz 2102's can be used: eight are read simultaneously.

~
| LNTERFACING
" Two typical computer hook-upo for thefTV interface are'deScribed
below for 111ustratton. lUse}s who follow these sthemes will be able
to easily use our'Softwaref The computer used is a S-100 based micro-
.computer with 24K RAM running under a CP/M disk operating system. ‘
| .fhe first hook—up‘uses the IMSAI 4-P10 board. Tuo oara11e1

output ports are used for a minimal configuration that permit§~use'of

4
. EN

the interface, but does not oupport all of its functions. Two ports:
are used, with bit assignments shown in Figure 6. . In addition, an  ~ 4
outboard c1rcu1t, shown in Figure 7 is requ1red to generate a DATA

VALID s1gna1 when the computer reads output data into. port 10

v . ‘ . ] k4
' N - > e
. O e
g - - & 2]




Use of a 3P+$ boarq; such as manufactured by Processor Tegpnd]ogy,
permits full use of the interfece and, ie‘addition a keyboerd, speaker, ;
LED and seria].device. Thij board}can brovide all the input/ou;put
functions requifed'by'the sm$11‘ca£puter'system we have designed for edu-
];ationai use. Figures 8Aand 9 show the complete I/0 assignments for
vlhis cemputef including the TV interface."\ | “ < A

In both confiéurations, DATA VALID is generated when Port 10 is
aderessed, SO %t is imperative to have the desired data previously loaded »

4 o . )
into Port 11. We find it convenient to leave Port 11 zeroced for crawl

commands and issue commands, one at a time, to Port 10. . -

0o
<



[]
. 3 A )
Port 10 ! Port 11
[N
. . . .
" BIT 7 6 5 4 3 2 1 N 0 7,,;15 5 4 -3 2 \
\ . 0p Code . fnable|Write Scroll Enable{Writ
~ MEANTHG |7 OO0 o praplepriter - o < 2 “wls |k
Crawl 2 . ' Crawl 1
o [ BN ' . , ;
. | : Figure 6. IMSAI 4-P10 *
. ’ ' v Port and bit assignments ,
3

.- 082 orlﬁﬁ = DS and DS2

)

o ; 8y using the Al input on the 74123 one shot, the DATA VALID ,
N .7 signa) 1is generated on the falling edge of DS1 and psz, at \

. {0777 which time the data on the output ports is gtable.
) = ' . Figure 7. ODutboard DATA VALID Generator
. 4
R
¢ ' g -
\ 0 >
\ . \ od

E [z:ji(::‘ .: | N . ‘ C | 23 ’ o - =

Aruitoxt provided by Eic:
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) Inegyr Y ,
PORT #| 'BIT # | DESIGNATION |  MEANING S 4
1 T .
R o r
'\S | ] :
~{? T ! KEYBOARD - ‘
. ‘ R : 3 '
' k———*7f—*—4 i ASCIT ) Keyboard Input
] « < Code* o
.', 5 . :‘ * -
! 6 , " ‘ o
.- 7 ¢/ - o7 'KEYBOARD .
. : 5 . Strobe*
[ ‘ ' i ' )
Lo Po Pg | a ,
Ay . ] P] Pg l jv ) “ e ( .
LI AN '
I ‘ v ,
3 P3P L ‘ L
1 ,! 4 K Py P1o 7/’) | .L1ght Pen ® and y
s 5 i Pe Pyg WA 1nput wired together
i —+ SR .
ALY . ;
SR . KT SN
o L " DAV . Rece1ver data ava11ab1e* . '“\\\9,/
1 <>> VSYNC ‘ Vertical sync . ¢
2 fu—%'-fgﬁ%n ~* " *ight.pen button -
O ISR I e e —— [ N
3 o B-I b1t ] K ) .
1z 4 5e B2, bit 2 o ‘Status Register
£ 5 FE Iframmg error* : ,
! » ————— e e —- e 4
‘ - 6. - PE pan1ty error*
A XBMT transmit buffer empty* |
; : e
* z oy -1 A - 4"
13 UART *
: Dé%; Input )

* Not needed for the TV Interface

FiQUre 8.

'/

3P+S Input bit assignments

R S




OQUTPUT
EQRT BIT # | DESIGNATION | MEANING 1
N . 1 » Dg _ . . E - . | "; .
. 3 "Dy .. . N -
1 | 4 D) 3 Write 1/0 ‘ Crawl 1
5 L Dl3 Enable 12 e
Py | Oplode T -
0o Dy "
. Dy ~E
| -2 “ DZ : S
w | 4 " o Write 1/0 ") Crapl 2
' SAJi tl D ~ Eriable 4 j |
- 6 7 - D . Scroll down o
B 7 D3. Scroll up o .
(oo | ‘”.‘ '
” 0 ‘ . Speaker* . o
1 Z PXEN Enable 1ight pen X address H .
. 2, Baud rate* ‘ " _\%’
e T+ ] ” d , - .
& 1 3 ; A Status LED* . Status
4 B 0 Parity* : fr,
.5,  Stop bits* |
e L | Word length 1% )
7 i ~ Word length 2* S
T TN L . —
’ \ ; . o B . ; )
A T i UART . —

Data Output*

DATA VALID is generated by OUTPUT STROBE B. -
Also PYEN is obtained ‘by 1nvert1ng PXEN. ‘ o , .

*Not needed for TV Interface.

‘Note:

Figure 9. 3P+S Output Bit Assignments .

.d“;/, ):% .
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CONSIRUCTION

The interface has been reduced to three PC. boards wh1ch are avail- ¢

“able at cost f;;n7TERC. In addition” to the;boards, the components listed™

jn'Tablé IT are required‘ : oo J < “ 3
Tab]e IIT and IV list the number and type of each component to aid
in']ocatﬂng them on the boards. The fo110w1ng F1gures 10 and 11 show the

actua] parts p1acement on boards A and B.. Board C is s1mp]y filled with

the sixty- -four 2102 memory chips and the eight .1 uf bypass capacitors.

Once populated, the boards need to be tnterconnected as deseribed'in

the Wire Wrap List, Tab]e V. The Stahred 1ines can be -brought opt,and

> '

.connected to the computer as suggested in the preced1ng sect1on The 1ight,

' pen must be added as an extra feature Unt11 we‘perfect our bwn design, ) .

N . ;

“we have been us g a $50 pen made by Educat1ona1 Data System of V1rg)n1a,

Inc. (P.O. Box 2115, Newport News, VA 23602). Space for 1nterfac1ng the

Tight pen is provided onlBoard B. The circuit we use is shown in-Figure ]2.



TARLE II ., TABLE IIT"
. ’ . ‘ ~IC. Identities and locations
Total Parts List - >Video Interface Boards ’ , : B
, . : Chip Number on Board ~ - : Identity
Integrated Circuits ‘ 1 A : 74198
| Chip Number 1 Quantity 2 A ;::Z‘
o . - A 74193
s 5 At * 7474
\ ‘( a -7 A ‘o 7&157 )
v . 5 8 A 7408
) ‘ 9 *‘S‘ ) a 7408
- 10 A 74155
< A 74161
12 A 74161,
13 . A . 74161
N 14 ’ A 7430 .
}..1 15 . A e .- 7404
i ' 16 A»_ F <8554
17 Y © 8554 -
18 AN 7402
- * 19 ‘ A -7410°
. 20 A 7486
21 A 7 7605
- o 7808
22 A
. 25 ) B . 74193 -
50K Ohm. .ottt iennne i, 1 Can be nearest 2% . ~ B 74193
. » ' standard value : o
Trimpots . e P ancara va . ©27 B 74181
s ;gg g:m ..... e e } . 28 B 74181.
R . m.. ....... v..,. ..... y/h:, » 29 B “ 74155.
« Cab&citorf N - C 30 }g : 74157
value 3 B 74157
10 Pfoe i it e 32 B - 74193
33 B - 74193
SRR . 38 - B 74)0,
Miicellaneous - . : e L & . 3 e .8 : ALY
Lo : . e L S o 36( B 74161
~Part . . . uant1.t,y 37 B - < 74161
*6Mhz X-tal.......... e, PO .38 B 7404
14 pin IC sockets......ocveuivann. 21 39 B . 7420
. , P B - 7400
16.piq 1C sockets‘v ........... SRREEE » 91 a B . BS5]
24 pin IC sockets................... 3 42 B 8551
: ’ . , 43 A B 7474
e a4 ‘B 76164
. .85 B 7474
- - & 46 ) B 74157
' a7 B 7474
v ., g 48 - B 74155
. : ' ‘49 : B 7474 "
2 . 50 B¢ \4121‘
L "‘ 51 B ’ 7400
: . 52 B 74157
2 K 53 B 74123
. A 2 . _
. : L O , .
Qo . . . 27 ‘ ' o

Aruitoxt provided by Eic:
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4 oo INTERFACE_;)’
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- of these p1ns need to be 1nterconnected or brought our for externa] con- -

'.nect1ons The connect1ons d1agrams (Table V) on the foTTow1ng pages b

\ o R k I
- . ; . . i

- TABLEV S -
™ INTERFACE PC INTERCONNECTION

.,W1re wraP_Ljst _

_Each of the three boards terninates in Zz‘pins.which are numbered

in the standard way For the TV 1nterface to operate correct]y, a number

deta11 the connect1ons that need. to be made and the names of the signals

‘that,are broughtroutafor,1nterfac1ng to.the TV or the- computer.n The

Tabile shows the destination of'each.wiré from each pin. The designation

NClneans no connection 1s nécessary. For exampTe, the first an on’ Board A

has no connect1on _ The second pin on Board A is connected to Board C

L p1n 34 and is A7, the seventh address T1ne of the on- board memory; The

'v‘the 1nput data word bit #5

fourth p1n on Boa{d A is connected to’ the 64th p1n on Board B and" is D5,,

one of the w1res wh1ch must be connected to the m1crocomputer to pr9v1de

- 2 P o , h ‘ . ‘
-,‘,\_, ',r/ - ) l ) _4 R ’ ‘I. ) - o
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Figure 12. "Light Pen _Inter\féce on Board B.
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